Reaction of the β-diketone ligand, 2-cyano-1,3-phenyl-1,3-propandione (LH), with hydrated 
Introduction
Interest in the use of visible emitting compounds for fabrication of Organic Light Emitting Devices (OLEDs) has grown rapidly in recent years, due to the need for bright pure emissions in areas such as lighting, and plasma televisions. 1, 2 The red luminescence of Eu 3+ is of particular interest due to the sharp line-like character of its emission, giving rise to pure colours. [3] [4] [5] This emission can, however, be somewhat difficult to harness given that direct excitation of Eu 3+ is forbidden by quantum mechanical selection rules and is therefore characterised by small absorption cross-sections. 6 This can be efficiently counteracted by use of the antenna effect, first reported by Weissman, 7 where the efficient absorption of coordinated organic molecules is exploited for the sensitisation of the lanthanoid emission. One of the most investigated ligand systems for the lanthanoids is the β-diketonate class. 8 Such research extends from the early work of Crosby and co-workers, 9 ,10 who studied the coordination of β-diketonate ligands to lanthanoids in solution, to the preparation of Ln 3+ β-diketonate crystalline solids in the early 1960s. 11, 12 These findings led to structural investigations of β-diketonate-lanthanoid complexes in the late 1990s and early 2000s. 13, 14 More recently, interest in multinuclear lanthanoid cluster complexes supported by functionalised β-diketonate ligands has grown, resulting in the isolation of a variety of lanthanoid cluster complexes incorporating from two to 14 metal ions. 15 Furthermore, the photophysical properties of several such lanthanoid clusters have been investigated revealing characteristic red emission in the Eu 3+ complexes. 16 Substitution of β-diketonates for lanthanoid coordination at the α-position has been reported as an effective way to reduce multiphonon relaxation and hence the overall photoluminescence quantum yield.
Typical modifications include deuteration 17 at this site as well as some investigation into triketonate systems. 18, 19 Merkens and Englert reported the first lanthanoid complexes bearing β-diketonates substituted at the α-C position with a -CN functionality, with structures varying from mononuclear complexes to coordination polymers. 20 These complexes contained inner sphere H2O molecules which quench visible and near-infrared (NIR) emissions from the lanthanoids.
Our work aims to improve upon this earlier work by using the 2-cyano-1,3-phenyl-1,3-propandione ligand (LH), in conjunction with a neutral 1,10-phenanthroline (Phen) ligand to prevent coordination of water molecules.
Results and Discussion

Synthesis
The ligand LH was prepared by reaction of 2-benzoylacetonitrile with benzoyl chloride in the presence of NaH in THF (Figure 1 ). It should be noted that after dissolution of LH in CDCl3, the 1 H NMR spectrum does not reveal a signal for the α-proton, suggesting that the enol tautomer is the major species present, consistent with previous literature. Each Eu 3+ cation is nona-coordinated, with six O-donor atoms from three bis-chelating β-diketonate molecules, two N-atoms from a bis-chelating Phen molecule and one N-atom from a nitrile substituent of one neighbouring β-diketonate complex, thus forming a chain-like structure.
The geometry of the Eu 3+ coordination sphere was assessed using the Shape Version 2.1 software 22 and was found to be best described as a tricapped trigonal prism with dissimilar edges (see Supporting Information, Figure S1 ). This type of distortion has been assessed for Ln 3+ β-diketonate complexes previously.
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Photophysical Properties
The energy of the lowest excited singlet state ( 1 ππ*) of the ligand LH was estimated by the emission spectrum of LH in ethanol at 77 K, and was found to lie at ~24,576 cm -1 (see Supporting Information, Figure S3- Excited state lifetime and photoluminescence quantum yield data are reported in Table 1 . The observed luminescence lifetime (τobs) of the complex was measured in the solid state, and was best fit by a biexponential function (see Supporting Information, Figure S6 ) with a major component of 572 μs (90%) and a shorter minor component of 304 μs (10%). This lifetime is comparable to other β-diketonate Eu 3+ complexes in the solid state bearing a Phen ligand. 8, 27 Using the experimental τobs, it is possible to equate the radiative lifetime (τR), and intrinsic quantum yield (Ф After re-dissolution of the coordination polymer in acetonitrile the emission spectrum becomes visibly different from the solid state emission at both 298 K and 77 K ( Figure 4 ). Once again the emissions are a consequence of the antenna effect, indicated by the broad structureless excitation spectra (see Supporting Information, Figure S5 ). The 7 F0←
5 D0 transition appears much broader in solution at 298 K, with a FWHM of ~100 cm -1 indicating flexibility in the ligand coordination in solution, which results in a more variable coordination geometry. The FWHM is reduced to ~45 cm -1 at 77 K, consistent with an increased rigidity of the Eu 3+ coordination geometry in a frozen solution. On freezing the solution at 77 K, the relative intensity of the emission bands changes, however the splitting of the emission peaks do not differ significantly, which provides evidence that in a rigid matrix, the coordination geometry is different to that in the solid state,
and that a nine-coordinate complex is not the major species in solution. Therefore, it is likely that in an acetonitrile solution, the coordination polymer is not preserved, and rather an eight- As further evidence for this change, the τobs we observe in solution was satisfactorily fit using a monoexponential function at both 298 K and 77 K (see Supporting Information, Figure S7) 
Transient Absorption
In an effort to rationalise the low sensitisation efficiency observed in the Eu 3+ complex with the Moreover, the lifetime of the latter can also be longer in the presence of Ln 3+ ions, as a consequence of the increased rigidity in the molecule due to metal ion complexation, and in the presence of Gd 3+ ions, the lifetime of the triplet state for structurally related compounds has been reported to be ~240 ns at room temperature.
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The deprotonated ligand L -was investigated, as well as TA measurements after addition of excess Eu 3+ and Gd 3+ to a solution of L -in acetonitrile. The resulting TA spectra are presented in Figure 5 , with the extracted decay constants obtained from global analysis of these spectra presented in the Supporting Information (Figure S9 -S11).
The TA spectrum of L -reveals an initial ∆OD band with a peak at ~510 nm, which decays rapidly within the first 10 ps to form a weaker broad band spanning the visible region and with maxima at ~510 and ~575 nm. At longer time delays, the 510 nm peak continues to disappear while the red shifted component persists at time delays >50 ps, subsequently decaying more slowly to form a long lived feature which does not completely decay to zero over our observable 2.7 ns time window.
To accurately recreate the ∆OD dynamics, a four exponential decay function was required, yielding lifetime constants of 1 = 3.1 ps, 2 = 15.1 ps, 3 = 84.2 ps and 4 ≈ 9.9 ns. Such multiexponential decay behaviour is not unexpected, given the highly complex photophysical processes previously observed for similar β-diketonate derivatives studied by TA in acetonitrile solution. 31 In these cases, similar multiexponential fitting procedures were required and yielded In the presence of Gd 3+ ions, the TA spectra of L -changes considerably, and is characterised by an initial ultrafast decay in the red from ~570-720 nm, accompanied by a negative ∆OD band centred at ~490 nm. These TA features rapidly evolve (<1ps) into a broad band at ~510 to 580 nm, which subsequently decays and red shifts at longer time delays until essentially reaching baseline over the 2.7 ns observable time window.
In this case, a three exponential decay model was able to satisfactorily reproduce the excited state decay dynamics, with resulting time constants of 1 = 0.4 ps, 2 = 3.5 ps, and 3 = 468.5 ps.
By analogy to the free ligand, we assign the initial fast decay to S2⟶Sn excited state absorption, which is also accompanied in this case by strong stimulated emission (negative ∆OD) at ~490 nm. Decay of this initially populated state coincides with an increase in the TA signal at ~500-600 nm, which we attribute to S1⟶Sn absorption, which also decays quickly with a time constant of ~2.4 ps. We assign the long lived signal to the T1 excited state absorption, with a lifetime of 3 ≈ 468.5 ps.
Lastly, the TA spectrum of L -was investigated in the presence of Eu 3+ ions. The spectra reveal an initial broad structureless TA signal across the entire spectral window from 460-720 nm, which decays rapidly in intensity, yielding a longer lived signal which does not fully decay over the time window investigated. Applying an identical triple exponential model, we obtain decay constants of 1 = 0.4 ps, 2 = 7.9 ps, and 3 = 593.3 ps which we attribute to S2⟶Sn excited state absorption, followed by rapid internal conversion to give the S1⟶Sn absorbing state, which 
Conclusion
Herein, we have reported a one-dimensional Eu 
Experimental
General Remarks
All reagents and solvents were purchased from chemical suppliers and used as received without further purification. Benzoylacetonitrile was prepared according to a previously published procedure. 34 Hydrated EuCl3 was prepared by the reaction of Eu2O3 with hydrochloric acid, followed by evaporation of the solvent under reduced pressure. Infrared spectra (IR) were recorded on solid state samples using an attenuated total reflectance Perkin Elmer Spectrum 100
FT-IR. IR spectra were recorded from 4000 to 650 cm -1 ; the intensities of the IR bands are reported as strong (s), medium (m), or weak (w), with broad (br) bands also specified. Elemental analysis was obtained from elemental analysis services at the University of Tasmania.
General Photophysical Measurements
Absorption spectra were recorded at room temperature using a Perkin Elmer Lambda 35 UV/Vis spectrometer. Uncorrected steady state emission and excitation spectra were recorded using an Edinburgh FLSP980-stm spectrometer equipped with a 450 W xenon arc lamp, double excitation and emission monochromators, a Peltier cooled Hamamatsu R928P photomultiplier tube (185-850 nm). Emission and excitation spectra were corrected for source intensity (lamp and grating) and emission spectral response (detector and grating) by a calibration curve supplied with the instrument.
Excited state decays (τ) were recorded on the same Edinburgh FLSP980-stm spectrometer using a microsecond flashlamp the above-mentioned R928P PMT photomultiplier as the detector. The goodness of fit was assessed by minimizing the reduced χ 2 function and by visual inspection of the weighted residuals.
To record the luminescence spectra at 77 K, the samples were put in quartz tubes (2 mm diameter) and inserted in a special quartz Dewar filled with liquid nitrogen. The acetonitrile solvent used in the preparation of the solutions for the photophysical investigations were of spectrometric grade.
According to the approach described by Demas and Crosby, 35 
Transient Absorption
An amplified laser system (Spitfire ACE, Spectra Physics) was used as the excitation source, delivering ca. 100 fs laser pulses at 800 nm with a 1 kHz repetition rate, and transient absorption measurements were undertaken using a broad-band pump-probe transient absorption 
Selected Equations
Using the observed lifetimes (τobs) and calculated quantum yields (Ф 
In equation 1, the refractive index (n) of the solvent is used (assumed value of 1.5 in the solid state), 37, 38 ITot is the total integration of the Eu 3+ emission spectrum, and IMD is the integration of the 7 F1← 5 D0 transition.
The sensitisation efficiency (ηsens) can be determined using equation 3 below:
Synthesis
2-Cyano-1,3-phenyl-1,3-propandione (LH)
Benzoylacetonitrile (330 mg, 2.27 mmol) was added to a suspension of NaH (250 mg, 10.42 mmol) in THF (10 mL) and stirred at ambient temperature for 30 minutes. Benzoyl chloride (264 μL, 2.27 mmol) was added dropwise, and the mixture was stirred at ambient temperature overnight. Ethanol (2 drops) and water (10 mL) were added, and made acidic with HCl (1M).
The mixture was extracted with ethyl acetate (10 mL), dried (MgSO4), and concentrated in vacuo. Ethyl acetate (10 mL) and HCl (1M, 10 mL) were added to the solid, and concentrated in vacuo until a solid had precipitated in the water layer. The yellow/orange solid was collected at the pump (260 mg, 46% 
X-ray Crystallography
Crystallographic data for the structures were collected at 150(2) K on an Oxford Diffraction Gemini diffractometer fitted with Mo Kα radiation. Following analytical absorption corrections and solution by direct methods, the structures were refined against F 2 with full-matrix leastsquares using the program SHELXL-97. 39 Anisotropic displacement parameters were employed for the non-hydrogen atoms. Water molecule hydrogen atoms were not located. 
